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ABSTRACT  
In this study, the extraction, isolation and characterization of 
nanocellulose from pineapple leaf fibres (PALF) were carried out. 
The chemical pretreatment used include bleaching, and acid 
hydrolysis processes aimed at removing lignin, hemicellulose, and 
extractive substances. This was followed by sonication and milling 
to produce nanocellulose. Morphological changes to the PALF 
due to treatment were investigated using scanning electron 
microscopy (SEM). Transmission electron microscopy (TEM) 
indicated that the nanofibrils were produced and the micrographs 
showed PALF nanofibrils in the average range of 25–58 nm in 
diameters. Fourier transform infrared (FTIR) spectroscopy 
showed that there was no significant chemical / structural change 
after the phase changes. Energy Dispersive X-ray (EDX) shows 
no significant elemental composition difference in the nano 
celluloses obtained. The results indicated that PALF waste could 
become a viable source of commercially valuable nanocellulose.  
 




Natural fibres are made of lignin, cellulose, and hemicelluloses. 
Lignin and hemicelluloses are amorphous in structure while 
cellulose is semi crystalline and thus, differs in its physical and 
mechanical properties (Dos Santos et al., 2013). Cellulose is used 
to manufacture textiles and paper. It is a long linear glucose 
polymer linked by β-1,4 glycosidic bonds (Abraham et al., 2011). 
Cellulose has relatively high strength, high stiffness, low density 
and good thermal stability (Hossain et al., 2014). Therefore, it is a 
promising candidate for reinforcing biocomposites. 
 
To obtain pure cellulose, the raw material is treated with alkali and 
bleached (Hossain et al., 2014; Moon et al., 2011). This chemical 
treatment breaks intermolecular and intramolecular hydrogen 
bonding between the hydroxyl groups of cellulose and 
hemicellulose and can increase the hydrophilicity of fibres (Sari et 
al., 2017; Asrofi et al., 2018a)). However, alkali treatment and 
bleaching do not significantly increase the crystallinity of cellulose 
fibre. Some studies suggest that subsequent acid hydrolysis can 
increase crystallinity and reduce the diameter of fibres (Chen et 
al., 2011; Cherian et al., 2010). 
 
Several abundantly available renewable natural fibre sources 
which contain cellulose have been investigated. These include 
water hyacinth (Asrofi et al., 2017; Abral et al., 2018b), oil palm 
empty fruit bunch (Asrofi et al., 2018b), banana (pseudo stem), 
jute (stem) and pineapple leaf fibre (Abral et al., 2018), arecanut 
husk fibre (Candra et al. 2016), kenaf bast (Hibiscus cannabinus) 
(Jonoobi et al., 2009), coconut husk (Fahma et al., 2011), 
Helicteres isora plant (Chirayil et al., 2014) and bacterial cellulose 
(Abral and Mahardika, 2016; Qiu and Natravali, 2017; Abral et al., 
2018a) . 
 
In 2016, the food and agricultural organization (FAO) in her report 
on Pineapple cultivation, indicated that Nigeria is the 7th largest 
world cultivator of pineapple plants, with about 0.9 million tons of 
fruit harvested annually (FAOSTAT, 2016). Old leaves must also 
be removed regularly. The weight of these leaves is about 7 % 
that of the fruit. Hence, in Nigeria, around 63,000 tons of fibre-rich 
pineapple leaves are removed from the plants each year. One 
possible way to increase the profitability of pineapple by-products 
would be to use these discarded leaves commercially to produce 
nanofibre for biocomposite reinforcement. 
 
PALF has a unique combination of properties that make it an ideal 
source for nanofibre production such as has high strength, 
stiffness and low density (Nuryati et al., 2015). Its cellulose 
content is higher than that of oil palm empty fruit fibre (Sheltami et 
al., 2012) water hyacinth and mengkuang (screw pine) leaves 
(Nogi et al., 2009). Cherian et al., 2010 reported that PALF has 
81.27 % cellulose, 12.31 % hemicellulose, 3.46 % lignin and 
10.52 % moisture content. However, these values will depend on 
the variety and environmental factors where the plant is grown. 
 
Nanofibres of cellulose are more transparent and thermally stable 
than microfibres (Karimi et al., 2014: Dufresne, 2017) They can 
be used to manufacture a range of products including flexible 
electronic film, coating for packaging, receptacles for drug 
delivery and optical digital storage media (Candra et al., 2016; 
Johar et al., 2012). Various nanocellulose extraction methods 
have been explored; steam explosion along with mild chemical 
treatment (Sari et al., 2017), chemical-ultrasonic process (Fahma 
et al., 2010), steam explosion alone (Cherian et al., 2010; Chirayil 
et al., 2014) a chemo-mechanical process using acid hydrolysis 
and homogenization (Candra et al., 2016) wet blending (Abral et 
al., 2018c), sulphuric acid hydrolysis (Dos Santos et al., 2013; 
Fahma et al., 2010; Liew et al., 2016; Yang and Van de Ven, 
2016), a mechanical technique involving refining, cryo-crushing, 
and high pressure homogenization (Jonoobi et al., 2009), high 
pressure homogenization alone (Sheikhi et al., 2016), and high-
shear homogenization (Tejado et al., 2018).  
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gave them nanocellulose with average diameter of < 100 nm, 
Teixera et al., 2010, studied the nanocellulose from sugarcane 
bagasse and obtained nanocellulose with average diameter of 
255 nm, Chen et al., 2011, worked on potato peel fibre and 
isolated nanocellulose with average diameter of 411nm, Yu et al, 
2012, worked on isolation of nanocellulose from bamboo and got 
an average diameter of 200 - 500 nm. Santos et al., 2013, 
isolated nanocellulose from PALF and got average cellulose 
diameter of 210-240 nm. Zhang et al., 2015, worked on softwood 
and got values average of 100 nm, Nurrudin et al., 2016, worked 
on kenaf and wheat straw and isolated nanocellulose within the 
diameter range of 100 nm. Lastly, Phanthang et al., 2018 worked 
on cellulose powder and were able to isolate nanocellulose within 
the value range of 10-25nm, Mahardika et al., 2018, studied the 
production of nanocellulose from PALF via high shear 
homogenization and ultrasonication, and were able to obtain 
nanocellulose with an average diameter of 68 nm and length 
between 88-1100 nm 
 
It has been shown that high-shear homogenization is a more 
environmentally friendly method for production of nanocellulose 
than chemical treatment and results in higher crystallinity, thermal 
stability, and transparency. Moreover, nanocellulose production 
via ultrasonication is a very effective way to depolymerize 
cellulose as reported by earlier researchers. The method used in 
this study is new and uses chemical treatment, sonication and 
milling. This has several advantages compared to other existing 
methods of PALF used in studies by other researchers as it 
requires only two repeats of the bleaching, acid hydrolysis, 
sonication and milling. This, in turn, minimized the use of 
expensive and potentially environmentally damaging chemicals.  
 
The characteristics of PALF before and after treatments were 
observed by using Fourier Transform Infrared (FTIR), Scanning 
Electron Microscopy (SEM), and Transmission Electron 
Microscopy (TEM), and Energy Dispersive X-ray (EDX). 
 
2.0. MATERIALS AND METHODS 
 
2.1. Materials 
The waste pineapples leaves used for this research were 
harvested from a private pineapple plantation called San Carlos, 
in Ihe village, Agwu Local Government Area of Enugu State, 
Nigeria during the harvest period. Awgu is located approximately 
between latitudes 06 00’ and 06 19’ North of the Equator and 
longitudes 07 23’ and 07 35’ East of the Greenwich Meridian 
(Nwankwo, 2014) 
 
2.2. The Fibre Extraction 
The fibres were extracted mechanically by scrapping the thin 
outer layers of the spiky semi-dried leaves via the use of sharp 
broken tile edge. 
 
The fibres extracted were then cleaned, by washing the fibre 
thoroughly in 2 % detergent solution at 70 0C and then rinsed with 
very clean water. Basically, this procedure removed most of the 
foreign objects and impurities that could contaminate the fibre as 




Figure 1. The PALF after extraction 
 
2.3. Pineapple Leaf Fibre Characterization 
 
2.3.1. Chemicals, reagents, and test samples 
All chemicals and reagents used in this study were of analytical 
grade and commercially available. The raw biomass material was 
the pineapple leaf fibre extracted. 
 
2.3.2. Preparation of Test Samples 
The pineapple leaf fibres were chopped to particle sizes of 2 - 6 
mm, milled and then stored in clean bags prior to compositional 
analysis 
 
2.3.3. Compositional Analysis of the Pineapple Leaf 
Fibre (PALF) 
The pineapple leaf fibre was subjected to compositional analysis 
using the gravimetric method. Chemical composition of PALF was 
measured as follows: extractives (Tappi Method T204 cm - 97, 
1988; Tappi Method T207 cm-88, 1988), acid insoluble lignin 
(ASTM E1758 - 01, 2015), cellulose, hemicellulose (ASTM 1695-
77, 2001) and ashes (UNE 57050:2003, 2003)., based on the 
procedure reported by Natalie et al., 2016. 
 
2.4. Production /Isolation of Nano Particles from the PALF 
 
2.4.1. Procedure 
About 100 g of PALF was added into 2 % w/v NaOH solution and 
digested at 80 0C for 3 hours using a thermostated hot plate. This 
removes lignin in the form of soluble complexes. The samples 
were then washed severally with distilled water and filtered using 
sieve number 40 mm mesh size. The samples were bleached with 
10 % aqueous dilution of sodium hypochlorite for 30 minutes at 
100 0C, washed and then filtered again.  The samples were 
further treated with 17.5 % w/v sodium hydroxide at 80 0C for 1 
hour and the resulting samples were washed thoroughly with 
water and subjected to bleaching process with 10 % sodium 
hypochlorite for 15 minutes at 80 0C. Finally, they were washed 
with water until neutral. The dried samples obtained were milled 
until very fine particles were obtained 
 
2.5. Characterization of the Nano Cellulose PALF 
The characterization was carried out at the National Center for 
Nanostructured Materials (NCNSM), Council for Scientific and 
Industrial Research (CSIR), Pretoria, South Africa 
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2.5.1. Equipment, Reagents, Chemicals 
 
Emitech K950X Carbon Evaporator (for carbon and gold coater) 
was used for preparation of the samples while the morphological 
characterization of the PALF was carried out by using the JEOL 
JSM 7500F Scanning Electron Microscope (SEM). The 
characterization of the nano particles of the PALF was carried out 
by using the JEOL JEM 2100 High Resolution Transmission 
Electron Microscope (HRTEM). 
 
2.6. Fourier Transform Infrared Spectroscopy of the 
Pineapple Leaf Fibre (PALF) 
Buck Scientific M530 USA FTIR was used for the analysis. This 
instrument was equipped with a detector of deuterated triglycine 
sulphate and beam splitter of potassium bromide. The software of 
the Gram A1 was used to obtain the spectra and to manipulate 
them. Approximately 1.0 g weight of samples respectively was 
properly placed on a KBr pellet. During measurement, FTIR 
spectra was obtained at frequency regions of 4,000 – 600 cm-1 
and co-added at 32 scans and at 4 cm-1 resolution. FTIR spectra 
were displayed as transmitter values 
 
3.0. RESULTS AND DISCUSSIONS 
From literature, the bleaching approach on the process of 
achieving micro and subsequently nanocellulose reduces the 
amount of lignin and hemicellulose in natural fibre cellulose. 
Similar trend was discovered in this research as the same test 
that was conducted to verify the percentage composition of the 
presence of main constituents of the PALF namely, Cellulose and 
lignin and hemicellulose was repeated again after isolating for 
micro and then nanocellulose. This is so due to the removal of the 
amorphous content of the PALF which increased the crystalline 
fraction. Increase in the proportion of crystalline cellulose leads to 
increases in thermal stability as reported by Mahardika et al., 
2018. 
 
3.1. Characterization of the PALF 
Table 1 shows the compositional results of the PALF samples 
with row 2 showing results obtained when the PALF samples 
were at the macro cellulose dimension and row 3 showing results 
obtained when the PALF samples were reduced to nano cellulose 
dimensions. 
 
Table 1: Compositions of the PALF used in this research work 
 
 
3.2. Elemental Analysis of the PALF 
This aspect of the research was done in two part, as shown in 
table 2, row 2 shows results obtained from conventional 
approach. The second part was done using a more accurate 
method, this was achieved by the use of EDX at the Council for 
Scientific and Industrial Research (CSIR), Pretoria, South Africa. 





Table 2: Elemental analysis of the PALF used in this research work 
 
 
3.3. Fourier Transform Infrared Spectroscopy of the 
Pineapple Leaf Fibre (PALF) 
 
 
Figure 2: The FTIR spectrum of the PALF 
 
Fourier Transform Spectroscopy (FTIR) is used to detect 
characteristic chemical functional groups in fibre. Figure 2 which 
illustrates the FTIR spectrum of untreated PALF sample has a 
total of 19 well defined peaks as observed corresponding to the 
stretching vibration mode of intra- and intermolecular hydroxyl (–
OH) bond of cellulose which is in agreement with what was 
obtained by Prasanna et al., 2017 and the peak 2950.85 cm-1 
corresponding to the asymmetric and the symmetric stretching of 
methylene (-CH2-) groups in long alkyl chains. These peaks prove 
the presence of waxes in the PALF as reported by Abidi et al., 
2018. 
 
3.4. Isolation/Production of Nanofibrils PALF 
 




Figure 3: SEM of the PALF 
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The PALF at the nano cellulose level is considered amorphous in 
nature. The micrographs of the SEM of the PALF nano cellulose 
depicting the already established fact that untreated natural fibres 
are hydrophobic in nature. Figure 3 shows the SEM micrograph of 
the untreated PALF micro cellulose at 1µm voltage of 3.0 kv and 
a magnification of x10,000. 
 
3.4.2. High Resolution Transmission Electron 




Figure 4.  TEM of the untreated PALF nanocellulose agglomerate 




Figure 5. TEM of the PALF nanocellulose agglomerate at higher 
magnification of 500 nm 
 
The dispersion of some of the nano cellulose samples is a result 
of ultrasonication which assist in preventing agglomeration. 
Agglomerations are as a result of the Van der Waals attractive 
forces between the nano particles, it is imperative to put on record 
that some of the agglomerates are in bundle forms while some 
are well dispersed. The above agglomeration of nano particles is 
reported as a common occurrence when working on natural 
fibres. (Goh et al., 2016; Chen et al., 2011) 
 
The results of this research fall with the acceptable limits of 
nanocellulose particles as reported other researchers. 
4.0. Conclusions 
PALF nanocellulose has been successfully fabricated using a new 
method. A combination of chemo-mechanical method highly 
reduced the need for extensive chemical pretreatment. Single 
stage pre-bleaching and acid hydrolysis were sufficient to produce 
nano-cellulose with a high degree of purity. This treatment is more 
environmentally friendly than previous methods using repeated 
bleaching. Milling of the PALF cellulose was sufficient to produce 
high purity nanocellulose fibres with an average of 25-68 nm 
diameters and length less than 120–1700 nm. EDX analysis and 
FTIR testing of PALF indicates that most lignin, hemicelluloses, 
and extractive substances have been eliminated and the 
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